Summary We compared the distribution of vertebral fractures in adults and children and found that fractures occurred in different locations in the two age groups. This likely relates to the different shape of the immature spine. Introduction We hypothesized that the anatomical distribution of vertebral fractures (VF) would be different in children compared to adults.
Introduction
The propensity for a vertebra to fracture is proportional to a force applied to the bone and inversely proportional to the ability of the bone to resist that force [1] . While vertebrae are subjected to a variety of forces, the dominant one in the case of osteoporotic vertebral fractures (VF) is the axial compressive force that is transmitted through the spinal column [2] [3] [4] . The normal thoracolumbar spine has an Sshape, with a kyphosis in the thoracic region and a lordosis in the lumbar region [3] [4] [5] . This shape is a consequence of bipedalism, providing stability and reduced energy use when walking [2, 3] . This shape also leads to force dispersion at several points along the spinal curve, predisposing to clustering of compression fractures around these foci [6, 7] . There have been many studies in adults evaluating the anatomical distribution of vertebral compression fractures using the Genant semi-quantitative method (GSQ method) [8] . These studies consistently show two foci of VF: one focus in the mid-thoracic spine centered at T7/T8 and a second focus at the thoracolumbar junction centered at T12/L1 [8] [9] [10] [11] [12] [13] [14] [15] [16] .
VF are being increasingly recognized as an important aspect of the bone health of children and adolescents, particularly in the setting of glucocorticoid exposure. Cross-sectional studies show VF prevalence rates of up to 50% in some pediatric glucocorticoid-treated disease groups, although the VF methodology has often not been standardized in these studies [17] . The Steroid-Associated Osteoporosis in the Pediatric Population (STOPP) research initiative, which involves 10 tertiary care children's hospitals across Canada, is one of the largest prospective studies of glucocorticoid-related bone health in this age group. The STOPP study is also one of the first to systematically assess vertebral status of all participants using the GSQ method and has found that within the first month of glucocorticoid initiation, VF prevalences were 7% in rheumatic conditions, 8% in nephrotic syndrome, and 16% in acute lymphoblastic leukemia (ALL) [17] [18] [19] . In contrast to the situation in adults, there has been little study of VF distribution in children and adolescents. Given that spine shape and biomechanical forces are different in the immature spine, and that intrinsic properties of vertebral bodies may also differ, a distinct VF distribution might be anticipated in children [5, [20] [21] [22] . As information about the pediatric spinal fracture profile will provide insight into the role of biomechanics in such fractures and will assist clinical assessment of children at risk for VF, we compared the anatomical distribution of VF in children and adults using the same diagnostic criteria to define VF.
Methods

Study subjects
The pediatric subjects were all of the participants with prevalent VF (N=44) enrolled in the STOPP research initiative, a natural history study examining the development of VF and other markers of bone health in children with diseases treated by glucocorticoids. Characteristics of the entire STOPP population have been described in detail in prior publications [17] [18] [19] . In brief, there were 400 total subjects across three disease categories. The prevalent VF rate at baseline was 16% (95% CI, 11-21%) in the ALL study population, 7% (95% CI, 4-12%) in the rheumatological disease population, and 8% (95% CI, 4-16%) in the subjects with nephrotic syndrome. BMD was related to the presence of VF in ALL, with an odds ratio of 1.8 (95% CI, 1.1-2.9; p<0.001) per standard deviation (SD) reduction in BMD, while the relationship of BMD to VF was not statistically significant in the other two disease groups. The ALL patients were treated according to Children's Oncology Group (9 sites) or the Dana Farber Cancer Institute (1 site) protocols, while rheumatological and nephrotic syndrome subjects were treated with individualized doses of glucocorticoids. Exposure to medications was brief, however, with spine radiographs done within 30 days of initiation of glucocorticoid treatment or other disease chemotherapy, as per study protocol [17] [18] [19] . The current investigation was undertaken as a post hoc analysis when it appeared as though the fracture distribution in the STOPP population was different from the distribution reported in adults [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Rather than match pediatric cases with an equal number of adult cases, we included all available adult cases with idiopathic osteoporosis and prevalent VF from a single research center (N=221) evaluated by two experienced radiologists [23] . This was done to enhance the statistical comparisons with the relatively small number of pediatric fractures and to ensure that the VF methodology was comparable to that used for the children. This study was approved by the Research Ethics Board in each participating institution, and local consent processes were followed. The study was compliant with the Declaration of Helsinki. Height was determined as the average of three standing measurements using regularly calibrated stadiometers for adults and older children, while infants and children unable to stand were measured in the supine position. For children, height was transformed into age-and gender-matched Z-scores [24] . BMD in children was measured at the lumbar spine (L1-L4) by dual-energy x-ray absorptiometry using either Hologic machines (QDR 4500, 3 centers; Discovery, 2 centers; Delphi, 1 center) or Lunar Prodigy (4 centers). In vivo precision ranged from 0.003 to 0.017 g/cm 2 . Machines were cross-calibrated using a Hologic spine phantom, and data were converted to Hologic units. Z-scores were generated using the Hologic 12.4 normative database. Adults were measured on a single Hologic QDR 4500 (in vivo spine precision of 0.007 g/cm 2 ) and T-scores were derived using the Hologic reference database [23] .
Vertebral morphometry
Spine radiographs were done by standard methods [17] [18] [19] 23] . Individual vertebrae from T4 to L4 were evaluated by experienced radiologists and were graded according to the GSQ method, which makes use of radiological expertise in evaluating vertebral fractures [8] . Vertebral body height ratios were visually graded on a four-point scale: grade 0 (no fracture)=reduction in a height ratio ≤20%, grade 1 (called a mild VF) if the height ratio reduction was from >20% to 25%, grade 2 (moderate VF) if the decrement was >25% to 40%, and grade 3 (severe VF) if the height ratio reduction exceeded 40% [8] . Vertebral morphometry on adult radiographs was performed by either of two experienced radiologists (H.J, R.W.) with extensive experience in morphometry using the GSQ method [23] . The interobserver kappa was 0.69 for fracture defined as grades 1, 2, or 3. For the pediatric cohort, a specific paradigm was followed to assign fracture status. Vertebral fracture assessment was carried out on all spine radiographs independently by two experienced pediatric radiologists (N.S., M.M), also with research experience in applying the GSQ method [17] [18] [19] . Any discrepancies between the first two radiologists were adjudicated by a third expert radiologist (B.L.). The interobserver reliability for the first two readers by kappa was 0.44 for fracture defined as grades 1, 2, or 3 and 0.66 for fracture defined as grades 2 or 3.
Statistical methods
Analyses were conducted using SPSS 16.0 (SPSS Inc.). Baseline population characteristics are expressed as mean and SD or median and range for continuous variables, while discrete variables are expressed as the value and percentage frequency. Proportions were calculated along with 95% confidence intervals (CI). The chi-square, Mann-Whitney, or Fisher's exact tests were used to compare clinical parameters. No corrections were made for multiple fractures within individual subjects. Presented p values are two-sided and were deemed significant at or below a 5% level.
To evaluate the influence of age on VF distribution within the pediatric cohort, the children were divided into two age groups (termed Young and Older) so that each contained an equal number of vertebral fractures (n=47), and fracture distributions were compared between these two groups. VF distribution was also assessed using T6 as a marker of thoracic location and L2 or L1/L2 as markers of the lumber location. For comparison with changes in fracture distribution, kyphosis/lordosis ratios at different ages were derived from the data of Cil et al. [5] .
The probability ratio for fracture at each vertebra was determined as the probability of fracture at a given vertebra divided by the average probability for the 13 vertebrae that were examined:
where VF x =number of VF at vertebra x and VF Total =total number of VF from T4 to L4. Probability ratios were expressed in a novel graphical format we have termed a spinunculus. In the spinunculus, the spine is shown schematically in lateral view with vertebral bodies from T4 to L4 represented by rectangles. To illustrate the distribution of fractures in a given population, the anteroposterior diameter of each vertebral body in the sagittal plane is adjusted to reflect the relative probability of fracture at that vertebra. If the probability ratio of a given vertebra fracturing is greater than 1.0, the anteroposterior diameter of that vertebra in the spinunculus is increased proportionately, and if the probability ratio is less than 1.0, the anteroposterior diameter in the sagittal plane is decreased. For example, if the probability ratio is 2.0, the anteroposterior diameter in the sagittal plane is doubled; if the probability ratio is 0.5, the anteroposterior diameter in the sagittal plane is halved.
Results
Study subjects
For the pediatric cohort (Table 1) , median age was 7.7 years (range, 2.1-16.6 years), and 52% was male. The mean lumbar spine Z-score was −1.7 (SD, 1.5). Height Z-score was 0.07 (SD, 1.07), not different from the normal value for age. The underlying disease categories were 66% ALL, 21% rheumatological conditions, and 14% nephrotic syndrome. For the adult cohort, the average age was 62.9 years (SD, 13.4 years), and 26% was male. The mean lumbar spine Z-score was −1.0 (SD, 1.5) and the corresponding T-score was −2.4 (SD, 1.4). Historical height loss (tallest recalled height minus measured height) was 3.9 cm (SD, 4.4 cm). There was no history of significant back trauma in either pediatric or adult subjects.
Pediatric vertebral fracture characteristics
There was a total of 94 VF in the pediatric cohort (Table 1) . Subjects had an average of 2.1 (SD, 2.1) fractures per person, with 68% having one fracture and 32% having two or more. Most of the fractures were in the thoracic region (72%), in proportion to the greater number of thoracic vertebrae (9/13 of the assessed vertebra in each spine were thoracic (69%)), with 28% in the lumbar spine. Fracture grade was mild (grade 1) in 63% and moderate (grade 2) or severe (grade 3) in 37%.
Two major peaks were present when the anatomic distribution was examined ( Fig. 1 ): a peak centered at T6/ T7 and a peak centered at L1/L2. For all fracture grades, 31% (95% CI, 22-41%) of VF were at T6/T7 and 21% (95% CI, 14-31%) were in L1/L2. The probability ratio of fracture at each vertebra is presented in graphical form as a spinunculus, where the adjusted anteroposterior diameter of each vertebral body in the sagittal plane reflects the probability ratio of fracture at that vertebra (Fig. 2) . Fracture distributions were similar for males and females. Thirty-three percent (95% CI, 20-47%) of VF were present at T6/T7 in boys compared with 28% (95% CI, 15-41%) in girls, while boys had 19% (95% CI, 8-30%) of VF at L1/L2 and girls had 24% (95% CI, 12-36%) at this site. These did not statistically differ between the genders. Spinal distribution patterns were also similar for mild VF in comparison to moderate and severe fractures. Thirty-two percent (95% CI, 20-44%) of grade 1 fractures and 29% (95% CI, 14-44%) of grade 2/3 fractures were located at the thoracic focus of T6/T7, while 20% (95% CI, 10-31%) of grade 1 fractures and 23% (95% CI, 9-37%) of grade 2/3 fractures were found at L1/L2. These did not statistically differ between fracture grades.
Adult vertebral fracture characteristics
There was a total of 545 VF in the adult cohort (Table 1) . Subjects had an average of 2.5 (SD, 1.9) fractures per person, with 39% having one fracture and 61% having two or more. Seventy-six percent of fractures were thoracic and 24% were in the lumbar spine. Fractures were grade 1 in 45% and grade 2 or 3 in 55%. As with the children, two major peaks were present when the anatomic distribution was examined, but the locations of the peaks differed from those in children ( Figs. 1 and 2 ). In the thoracic spine, the peak was centered at T7/T8 and the second peak centered at the thoracolumbar junction, T12/L1. For all fracture grades, 27% (95% CI, 24-31%) of VF were at T7/T8 and 17% (95% CI, 14-20%) were in T12/L1. Fracture distributions were similar for males and females. Twenty-eight percent (95% CI, 20-34%) of VF were located at T7/T8 in men and 27% (95% CI, 23-32%) in women, while males had 15% (95% CI, 10-21%) at L1/L2 compared to 18% (95% CI, 14-22%) at this site in women. These were not statistically different between the genders. Similarly, spinal distribution patterns were similar for mild fractures and for moderate and severe fractures. For grade 1 fractures, 30% (95% CI, 25-35%) were found at T7/T8 while 24% (95% CI, 19-29%) of grade 2/3 fractures were located at this focus. The only statistically significant difference in distribution of fracture grade in adults was at T12/L1, where 12% (95% CI, 8-15%) of grade 1 fractures were present versus 23% (95% CI, 18-28%) of grade 2/3 fractures (p=0.001).
Pediatric vertebral fracture distribution in relation to age For the Young children (n=20; 11 male), the median age was 4.1 years with a range from 2.1 to 6.4 years, while the Older sub-group of children (n=24; 12 male) had a median age of 10.8 years and a range from 7.2 to 16.6 years. The VF distributions were biphasic in both age groups but showed different patterns (Figs. 2 and 3a) . The Older sub-group of children showed a distribution similar to that described for the entire pediatric cohort, with a large peak at T6/T7 (45% of total VF in this age group; 95% CI, 31-59%) and a second peak at L1/L2 (21%; 95% CI, 12-35%). The Young sub-group of children, however, had a thoracic peak at T7/T8 (28%; 95% CI, 17-42%) with few fractures at T6 (4%; 95% CI, 1-14%), and although there were fractures at L1/L2, these were part of a broad peak with approximately equal percentages of total VF across T11 to L2 (40% of total fractures; 95% CI, 28-55%). The two age sub-groups differed in the proportion of fractures at T6/T7 (p=0.004) but did not statistically differ for VF at L1/L2.
Within the Older sub-group, the median age for those with VF at T6 (n=13) was 9.4 years and the median age for those without T6 fractures (n=11) was 12.7 years. These ages were significantly different (p=0.008). The proportion of children at each year of age (in the entire pediatric population) having a T6 VF was plotted against age (Fig. 3b) . The highest T6 fracture rates were apparent between the ages of 7 and 10 years. Within the 7-to-10 age group (n=12 subjects), 83% (95% CI, 55-95%) had T6 VF, [5] while in all the remaining children (n=32), only 16% (95% CI, 7-32%) had T6 fractures (p=0.0001). On the graph are also plotted kyphosis/lordosis ratios at different ages. Cil and colleagues reported that in children of ages 3 to 6 years, the mean kyphosis angle (from T1 to T12) is 45°while the mean lordosis angle (from L1 to S1) is 44°, for a kyphosis/ lordosis ratio of 1.01 (Fig. 3b) [5] . Older adolescents nearing skeletal maturation (age, 13 to 15 years) have a similar balanced ratio of 0.98, although both values have increased by this age (kyphosis 53°, lordosis 55°). In transitional age ranges, the ratio becomes unbalanced as the lordosis angle increases to mature values at an early age, while the kyphosis angle increases only much later. Children aged 7 to 9 years have a ratio of 0.92 as the lordosis is beginning to increase while the kyphosis does not (kyphosis 48°, lordosis 52°). Over the age range of 10 to 12 years, which encompasses the median age of our Older pediatric sub-group, the ratio is markedly lower still at 0.80 as a consequence of lordosis moving to a fully mature value at this age (57°) while kyphosis remains at an immature angle (46°). The downward shift of the lumbar VF focus in relation to age was similarly evaluated by examining the proportion of subjects with fracture at L2 or either L1 or L2. There was no age group at which the rate of VF at this location was statistically different from other ages (data not shown).
Discussion
In the normal adult, the body's center of mass lies anterior to the spine and the resulting gravitational force creates torque (rotational moment of force) centered on the vertebral bodies that can be viewed as having a downward component and an anteriorly directed component (Fig. 4a) [3, 4, 25] In order to maintain balance, the posteriorly located paraspinal muscles and ligaments contract to produce a counterbalancing force [3, 4, 25] . This is also a downward torque; however, since it is posterior to the vertebral bodies, it has a posteriorly directed component in addition to the downward one [4] . The horizontal components of the two torques cancel while the downward components sum, leaving a net downward force centered on the vertebral body (Fig. 4b) . With bending forward or lifting weight, especially with the arms outstretched, the anterior torque rises markedly, resulting in a greater compensatory contraction of the paraspinal muscles [3, 4, 26] . Again, the horizontal force vectors cancel, and the net downward force on the vertebral bodies rises markedly [4] . Similarly, when there is increased thoracic kyphosis, as occurs in association with aging or with the presence of vertebral fractures, the center of mass is also shifted anteriorly, once more resulting in amplified downward force on the vertebral bodies [25] . This phenomenon is felt to contribute to the "fracture cascade," whereby the presence of VF increases the risk of further VF due to the increased stress on the vertebrae [27] .
Each of the two curves of the thoracolumbar spine-the thoracic kyphosis and the lumbar lordosis-has a focus where forces are dissipated [9] [10] [11] [12] [13] [14] [15] [16] . The reasons why fractures occur at the two foci are different for the two anatomical sites, but both relate at least in part to thoracolumbar spine shape [3, 4] . In our adult cohort, we found that the greatest number of thoracic fractures occurred at T7 and T8, as has been consistently demonstrated in the literature using the GSQ method [9] [10] [11] [12] [13] [14] [15] [16] . These two vertebrae lie near the inflection point of the normal adult thoracic kyphotic curvature [3, 7] . When axial compressive forces reach this part of the thoracic spine, they dissipate here rather than move around the curve [7, 28] . Consistent with this concept is the fact that Fig. 4 Forces on the vertebral body. a Body mass generates a torque with an anteriorly directed component and a downward component centered on the vertebral body. This is countered by the paraspinal muscles that produce a posteriorly directed force and a downward force. b The anteriorly and posteriorly directed forces cancel while the downward forces sum to create a net downward compressive force on the vertebral body in adults, fractures subsequent to an initial fracture tend to cluster close to the original VF rather than at vertebrae farther away [27] . At T12/L1, the thoracolumbar junction, other variables come into play to make this a focus of fracturing. The downward force from the body's center of mass passes directly through these vertebral bodies, and they are therefore subjected to greater compressive force on flexion than higher parts of the spinal column [3, 4] . A further factor occurring at the thoracolumbar junction that predisposes to fracture in this region is a change in orientation of the facet joints. Up to 25% of a compressive force is transmitted through the facets [28] . Higher in the spine, the facet joints are more horizontal and can participate to a greater degree in dispersing compressive force. Around T12, they become more vertical and so play a lesser role in force dissipation. A greater proportion of the force on these vertebrae is therefore borne by the vertebral bodies.
The ability of a vertebral body to resist compressive force is related to architectural strength and to the intrinsic strength of the structural material [26, 29] . Architectural strength can be viewed as consisting of macroarchitectural contributors, such as vertebral body diameter, vertebral body height, cortical thickness, and the degree of mineralization, and microarchitectural components like number and distribution of trabeculae as well as trabecular orientation and connectivity [27, 29] . Relevant aspects of intrinsic material strength include the type and amount of proteins and associated molecules, the density of mineral, and crystal size and number [1, 27, 29] . The importance of intrinsic vertebral body strength in resisting fracture is demonstrated by the fracture profile observed following vertebroplasty. This procedure involves filling fractured vertebral bodies with a substance such as methylmethacrylate that changes the intrinsic properties of the body [25] . Subsequent to vertebroplasty, forces pass through the treated vertebral body to adjacent vertebrae, which consequently have an increased risk of fracturing compared to vertebrae not adjacent to the treated bone [30] . There has not been sufficient study of all of the contributors to vertebral body strength and how they vary throughout the spine to assess their specific contributions to the occurrence of fracture foci. Clearly, though, some of these parameters are not prime determinants of fracture location in the untreated spine, or the observed fracture distributions would not occur. For example, smaller vertebrae are less intrinsically strong than larger vertebral bodies [27, 29] . Yet, despite the vertebrae immediately above T7 being smaller in size than T7 and T8, and the vertebrae above T12 being smaller than T12 and L1, their frequency of fracturing is less. This suggests that while these variables may contribute to vertebral body strength, spine shape is a key determinant of fracture location.
In the children we have studied, the thoracic fracture focus was shifted upward and the lumbar focus downward compared to the distribution in adults. We have developed the spinunculus as a way to visualize the difference in fracture distribution. The spinunculus expresses the relative probability of fracture at each vertebra compared to the average fracture rate for the entire spine through differences in the anteroposterior diameter in the sagittal plane of each schematic vertebral body (Fig. 2) . Rather than peaks at T7/ T8 and T12/L1, as in adults, we found fracture foci peaking at T6/T7 and L1/L2 in children. One published study has used the GSQ method to define fracture in pediatric patients with rheumatological disease and presented data that can be used to generate fracture distribution (Fig. 5) [31] . Their results similarly show a thoracic peak at T6/T7. There is also a lumbar peak that is actually even more caudal than our finding, peaking at L2/L3 rather than at L1/L2, as we found [31] . A third small peak may be present in their data at T11, but given the small numbers of fractures, it is not clear if this is real. Of greater importance, they found a low rate of fracture at T12, quite different from the adult profile and similar to our pediatric results. Another study of children with rheumatological disease assessed VF using a method related to the GSQ method, employing absolute vertebral height reduction rather than reduced height ratios [32] . The results from this study almost exactly parallel our data, with a biphasic distribution and peaks at T6/T7 and L1/L2. Our findings, together with this analysis of published data, suggest that fracture distribution in children differs from that of adults, perhaps resulting from the different shape of the immature spine. The juvenile spine is straighter with a lesser thoracic kyphosis and a reduced lumbar lordosis [5] . It also has a more anterior sagittal vertical axis, greater variability in the location of the apex of the thoracic kyphosis, and changing vertebral body shape [32] during maturation in terms of the ratio of the vertical height to anteroposterior diameter measured in the sagittal plane [20] [21] [22] . Together, these features will lead to different locations of force maxima and thus differing tendencies of vertebrae at particular locations to fracture [3, 4] .
Most adult osteoporotic VF are not related to known direct trauma [33] . The same is true in our cohort of glucocorticoid-treated children and adolescents, as none of the subjects in our study had sustained back trauma as a cause of the VF. When childhood VF are the result of substantial trauma, they tend to be more broadly distributed throughout the spine than was observed in our cohort, as would be expected, since the forces from trauma are variable in direction and are not purely compressive [34] . Even when due to trauma in childhood, however, there is a propensity for vertebral body compression fractures to occur above T7 and at L1/L2 or lower, just as in our subjects where fractures were non-traumatic [35, 36] . This again suggests that the observation of fracture foci at T6/T7 and L1/L2 in our pediatric cohort is related to the different manner in which forces are distributed in the developing spine compared to that of an adult.
When our pediatric cohort was divided into two subgroups based on age, each group showed a biphasic VF distribution and had similar percentages of fractures at L1/ L2. This suggests that the presence of the lower VF peak at L1/L2 is a characteristic of the pediatric spine. In the thoracic region, however, the increase in fractures at T6 was observed only in the Older sub-group of children (median age, 10.8 years), whereas the Young children (median age, 4.1 years) had few VF at T6 but, rather, a prominent peak at T7/T8. Within the Older sub-group, those with VF at T6 were younger than those without T6 fractures (9.4 vs. 12.7 years). To further explore the age at which the upward shift in thoracic VF occurs, we examined the proportion of children at each age that had fractures at T6 and found that the greatest rates were present from ages 7 to 10 years. This upward displacement of the thoracic focus around ages 7 to 10 years again likely relates to spine biomechanics. Studies have shown that in children around this age, spine shape is undergoing a dramatic alteration during which the thoracic kyphosis and lumbar lordosis become unbalanced [5, 19] . Using data on lordosis and kyphosis angles in different age groups from Cil and colleagues, we calculated kyphosis/ lordosis ratios [5] . In young children and in those nearing skeletal maturity, the ratio was near 1.0, indicating a balance between kyphosis and lordosis. Over the age range of 7 to 10 years, in which we observed the highest rates of fractures at T6, the ratio was markedly below 1.0 as a consequence of lordosis moving to a fully mature value at an earlier age while kyphosis remains at an immature angle and only increases with skeletal maturation. It is likely that this imbalance changes the biomechanical forces in a way that contributes to the upward displacement in thoracic VF in the 7-to 10-year age range.
In both children and adults, we found that mild morphometric deformities (grade 1) were located in similar locations as moderate and severe fractures (grades 2 and 3), which suggests that mild deformities are true fractures rather than simply congenital variants of normal shape. There is always the concern that deformities classified as grade 1 fractures are actually normal shape variants, particularly in the upper thoracic region where vertebrae naturally have a greater posterior height than anterior height to conform to the spinal curvature [37] . This issue has been laid to rest in adults, in whom grade 1 fractures defined by the GSQ method correlate with various structural changes in cortical bone, with impaired quality of life, with non-bone clinical disorders, and with the risk of future vertebral fractures [38] [39] [40] [41] . Further evidence comes from adult studies using the algorithm-based qualitative (ABQ) method, which employs qualitative structural alterations rather than quantitative changes in height ratios to define fracture [37, 42] . ABQ studies show an upper thoracic focus of fractures and a low rate of false positives at this location using the GSQ method [37, 42] . They also find false negatives in this region using the GSQ method, which suggests that the grade 1 definition may, in fact, be too stringent [42] . Normal vertebral height measurements on plain radiography are not available in children, but a recent study of the lower thoracic and lumbar spine in children using CT concluded that fracture should be suspected when the anterior/posterior height ratio is less than 0.893 [43] . An MRI study found that normal anterior/ posterior height ratios throughout the pediatric thoracic spine average well over 0.90 [44] . This makes the GSQ method fracture height ratio definition of less than 0.80 a reasonable and conservative definition.
One possibility that we cannot assess in this study is that the VF distribution in our pediatric cohort, and in the two published datasets we highlight here for comparison, was a direct consequence of glucocorticoid exposure. Although the steroid exposure in our study was brief, glucocorticoids can have a rapid effect on bone [45] . There are no data in the literature comparing VF distribution differences between adults with and without steroid exposure, and no information on the distribution of VF defined by the GSQ method in children who have not received steroids. Another possibility is that the distribution we observed relates to ALL, as the majority of fractures in our study were among patients with this condition [20] [21] [22] . The data from children in published rheumatological studies showing similar distributions to our pediatric patients argue against this.
Conclusion
In this study, we have found that the apparent VF distribution in our pediatric cohort and in published pediatric studies differs from that of our adult cohort and of the adult distribution reported in the literature. We also found that the greatest shift in VF distribution takes place in the age range of 7 to 10 years. Further investigations will be necessary to determine whether similar fracture distributions are present in children not receiving glucocorticoids. The fact that mild VF occurred at the same location in the spine as moderate and severe fractures suggests that these deformities likely represent true fractures. Appreciation of the frequency of VF in children treated with glucocorticoids is rapidly evolving, and an understanding of the fracture distribution in the pediatric spine in various age groups will enhance clinical assessment.
